Abstract
Introduction
This research study is aimed at determining how significant construction induced 1 vibrations could be inside the structure where there is ongoing construction. The goal is to 2 develop an awareness of the magnitude and frequency expected from a specific type of 3 construction activity occurring in a building under construction.
4
The vibrations created at nearby column locations, during construction of three reinforced 5 concrete buildings, were measured. More specifically, the vibrations created during cast in place 6 concrete pours with the use of vibrators were monitored at various distances from the columns. The vibrations measured were compared to the vibration criteria presented in the literature. developed a separate set of vibration criteria (VC) curves related to facilities after reviewing a 16 large number of equipment-specific vibration limit criteria provided by equipment 17 manufacturers. These curves are for guidance only in the design of vibration sensitive facilities.
18
The VC curves were a set of limits of vibrations that could cause equipment to be 19 ineffective and the ISO curves gave limits on human comfort in varying environments. Other 20 vibration limits were developed by the mining industry (Dowding 1996) to help control 21 explosions in mines.
22
In limiting vibrational effects on rodents, human vibration detection thresholds have often 1 been used as the basis of controlling criteria for limiting vivarium vibration or motion. The 2 human vibration threshold of 100 micro meters (4000 micro inches) per second velocity is a 3 common limiting vibration criterion for vivarium cages (Papadimos 2010).
4

Buildings Monitored
5
Vibrations in three buildings were monitored. The structural frames of all three buildings 6 were entirely reinforced concrete. The first building construction was an addition project, while 7 the second and third buildings were new constructions. accelerometers were selected due to their ability to collect vibration data down to zero frequency.
Since buildings have a low natural frequency, this was deemed a necessary factor when 6 collecting data.
7
The data acquisition was accomplished using a 16 bit analog/digital converter with a 8 computer running data acquisition software. Subsequent post-processing provided conversion 9 from acceleration to velocity and analysis of the velocities. Data was collected at 1000 readings 10 per second.
11
The scanning rate was chosen to be ten times the highest frequency to be captured, 100
12
Hz. 100 Hz is the highest limit used in the VC and ISO curves. Data was collected in 30 or 60 13 second increments.
14
Vibration Data
15
Data was collected on multiple visits to each of the three sites during general construction 16 activities and during column pours. The column pour data was collected at Building I, Building
17
II and Building III during a total of seven, six and five column pours, respectively as summarized 18 in Table 1 . The readings were taken during several visits. Vibration measurements were first recorded during general construction activities, i.e.
7
before the column pour started. These measurements are referred as baseline measurements.
8
Then, measurements were taken during column pours to identify their impact on vibrations.
9
These measurements will be referred as loading measurements. The initial baseline measurements were taken while other general construction activities 13 were ongoing, rather than early in the day before construction started, to minimize variables that 14 could have changed during the long break between an early baseline and the later loading The loading files were recorded as the concrete was being poured into the column and 1 continued while the compacting vibrator was in the formwork.
2
The vibrations were measured as acceleration and were transformed into root-mean- Data collection was taken on the floor level below where the column pour was occurring.
8
Accelerometers were placed on top of floor slabs to collect data. With accelerometers only 9 located on top of the floor slab, only surface waves are being considered in this study.
10
Results
11
Vibration measurements were analyzed and reported in two groups for this study. All 12 results were reported as peak measured RMS velocity at a particular frequency. Vibrations for Building I-Visit I, Building I-Visit II and Building II-Visit I were lower than the 7 others and satisfied the limits of ISO for operation rooms, but not VC-A and VC-B criteria. frequencies is also shown in Figure 6 on a linear scale. and is defined by Equation (1). The figure shows that there was no significant impact of the distance from the column on 9 the velocities in the N-S direction (direction parallel to the longer dimension of the building).
10
The velocities measured do not differ significantly or consistently at varying distances from the 11 column during a column pour. building to be suitable for operation room use when the column concrete pour was ongoing.
8
An increase in RMS velocity due to a column pour is most significant for vibrations with 9 low frequencies. For frequencies lower than 10 Hz, the RMS velocities exceed 100 μ-m/sec 10 (4000μ-in/sec) (human threshold used commonly for vivarium) or the limits for operating rooms 11 set by ISO. For higher frequencies the increase in RMS velocity is significantly smaller.
12
No consistent decrease in RMS velocity was observed with increasing distances from the 
